INTRODUCTION
The metabolic syndrome is a combination of risk factors, including abdominal obesity, dyslipidemia, glucose intolerance, and hypertension. The clustering of these factors is often attributed to Gerald Reaven, who popularized the term 'Syndrome X' in 1988; 1 however, these factors have been investigated in various combinations for more than 80 years. 2 The aggregation of these features into a single entity provides clinicians with a tool by which they can identify a significant segment of the population at increased risk for developing type 2 diabetes mellitus (T2DM) 3 as well as increased cardiovascular morbidity and mortality. 4, 5 Cardiovascular disease (CVD) affects 42.1 million women over 20 years of age in the US and is the number one cause of mortality in women. 6 According to the Heart Disease and Stroke Statistics 2007 Update, 1 in 30 female deaths could be attributed to breast cancer, whereas one in 2.6 women died from CVD. 6 Data have shown that diabetes 7 and hyperglycemia 8 have poorer prognostic implications for CVD mortality in women than in men, even after adjusting for age and other CVD risk factors. The etiology of this differential impact of diabetes on the basis of gender is unclear; however, one explanation could be the high prevalence of the metabolic syndrome in female diabetic populations. An analysis of newly diagnosed patients with T2DM revealed that 82.9% met the National Cholesterol Education Program's Adult Treatment Panel III (ATP III) criteria for the metabolic syndrome at the time of T2DM diagnosis, and a significant majority of these were women rather than men (89.9% versus 78.2%; P <0.001). 9 Studies have associated the metabolic syndrome with an increased risk for CVD and have shown that this risk is even greater among women than among men. 10 When examining the ability of ATP-III-defined metabolic syndromerisk was also observed in the Atherosclerosis Risk in Communities investigation, revealing hazard ratios of 2.05 (95% CI 1.59-2.64) in women and 1.46 (95% CI 1.23-1.74) in men.
In addition to gender differences in metabolic syndrome prevalence and CVD risk, there are gender-specific issues to consider in the metabolic syndrome. This Review will examine modifiers of the metabolic syndrome that are unique to women: pregnancy, lactation, gestational diabetes mellitus (GDM), preeclampsia, polycystic ovary syndrome (PCOS), hormonal contraceptives, and the menopause. Additionally, an overview of clinical management approaches specific to women will be addressed.
DeFINITION OF THe MeTABOLIC SYNDROMe
The metabolic syndrome is defined by different criteria by several organizations including the World Health Organization, 12 15 and the recent American Heart Association (AHA) and National Heart, Lung, Blood Institute update of the ATP III criteria. 5 The various definitions exist because of differing opinions on the thresholds that should be used for specific criteria, such as blood pressure or fasting glucose levels. In addition, there is a lack of consensus on which components are fundamentally necessary and most clinically relevant for diagnosis. All of the definitions nonetheless include a measure of central obesity, glucose level, dyslipidemia, and hypertension. The focus of management is to achieve a normal level for each of the clinical and laboratory components that constitute the definition.
Because the normal thresholds for some of the components vary by gender, and within each component there are gender-specific issues, the clinician must consider these issues in order to successfully prevent or manage the syndrome in women. Because the original ATP III definition has often been employed in epidemiological studies, 16, 17 we have chosen to focus this Review on the metabolic syndrome defined by these ATP III criteria (Table 1) . 4 
PRevALeNCe OF THe MeTABOLIC SYNDROMe IN wOMeN
The metabolic syndrome was diagnosed in 47 million US residents according to US Census data from the year 2000. 18 The age-adjusted prevalence was similar in men (24%) and women (23%); however, this gender equality was lost when comparing within ethnic groups. Although there were fewer white women with metabolic syndrome than white men, there are 57% more African American women with the metabolic syndrome than African American men, and 26% more Mexican American women with the metabolic syndrome than Mexican American men. 18 When comparing National Health and Nutrition Examination Survey (NHANES) data obtained during [1988] [1989] [1990] [1991] [1992] [1993] [1994] to data obtained during 1999-2000, the ageadjusted prevalence of the metabolic syndrome increased by 23.5% among women (P = 0.021) and 2.2% among men (P = 0.831). Therefore, the similarity in age-adjusted prevalence between men and women, regardless of ethnicity, will probably be lost with time. Notably, increases in blood pressure, waist circumference, and triglyceride levels were shown to be responsible for most of the increased metabolic syndrome prevalence among women. 19 Although obesity is clinically defined by BMI, data suggest that a more accurate reflection of true metabolic risk is central adiposity, assessed clinically by waist circumference measurement. The metabolic syndrome is characterized by a waist circumference greater than 102 cm in men and 88 cm in women by ATP III criteria. 4 Waist circumference has also been shown to directly predict the metabolic syndrome. 21 During 1988-2004, the age-adjusted prevalence of abdominal obesity increased from 29.5% to 42.4% among men (P <0.001) and from 47.0% to 61.3% among women (P <0.001). 22 This trend is disconcerting because data from the San Antonio Heart Study suggested that increases in BMI and waist circumference increase the risk of developing the metabolic syndrome in women to a greater degree than in men. 21 In fact, among individuals with BMI ≥30 kg/m 2 compared with those with BMI <25 kg/m 2 , the odds ratio for developing the metabolic syndrome was 3.7 in men but 8.3 in women. If waist circumference is >102 cm in men rather than <94 cm, or >88 cm in women rather than <80 cm, the odds ratio for developing the metabolic syndrome is 2.8 in men and 5.9 in women. 21 
Dyslipidemia
Women have a greater dyslipidemia-associated risk for coronary artery disease than men; this dyslipidemia is characterized by low levels of HDL cholesterol, small particle sizes of LDL cholesterol, and high triglyceride levels. 23 Premenopausal women have higher HDL levels than similarly aged men; consequently, premenopausal women are less likely to satisfy the HDL criterion for diagnosis of the metabolic syndrome. Although triglyceride levels are associated with coronary artery disease and increase with age in men and women, the increase is greater in men than in women; however, elevated triglyceride levels have a greater impact on coronary artery disease risk in women than in men, especially in the setting of low HDL levels. 24 Box 1 Gender differences in metabolic disease. Hypertension increases the risk of coronary heart disease, stroke, and renal disease in women as it does in men. Congestive heart failure is, however, more commonly seen as a consequence of hypertension in women even after adjustment for other risk factors. 25 The prevalence of hypertension increases with aging in both women and men. At younger ages, the prevalence of hypertension is greater in men than in women but after the menopause, the prevalence of hypertension in women exceeds that in men. 26 'White coat hypertension' (high blood pressure in the physician's office but not by 24-h monitoring) has been shown to confer an increased risk of CVD and is more commonly reported in women than in men. 27 Consequently, this might contribute to a greater prevalence of metabolic syndrome diagnosis among women when the blood pressure criterion is included. Additionally, the hemodynamic profile of higher cardiac index (the body surface area-adjusted measure of the amount of blood that leaves the heart in one minute) and heart rate with lower peripheral resistance is characteristic of hypertensive women as compared with hypertensive men. 28 
Central adiposity

Hyperglycemia
Although fasting blood glucose is used in the definition of metabolic syndrome, there are data demonstrating that the glucose level after a glucose load is more commonly elevated than fasting blood glucose in women; the reverse pattern is seen in men. 29, 30 In addition, the post-glucose-load glucose level is predictive of cardiovascular death in women. 31 Consequently, the use of fasting blood glucose might underestimate T2DM, impaired glucose metabolism, and the metabolic syndrome in women.
UNIQUe MODIFIeRS OF THe MeTABOLIC SYNDROMe IN wOMeN
There are several factors unique to women that can impact the prevalence and characteristics of the metabolic syndrome in women (Box 2); these factors will be discussed below.
Pregnancy
Pregnancy is a significant contributor to weight gain in women. Data reveal that 42% of women gain more than The Institute of Medicine's recommended amount of weight during pregnancy. 32 These women have a significantly greater weight gain at 10-year follow-up than women who gained the recommended amount or less during pregnancy. 33 Women who retained pregnancy weight at 6 months postpartum were 8.3 kg heavier at 10-year follow-up, whereas women who lost their pregnancy weight were 2.4 kg heavier. These data suggest that multiparous women might be at increased risk for obesity and, subsequently, the metabolic syndrome.
Consistent with this concept are NHANES III data showing that the rate of metabolic syndrome increases with increasing parity (P <0.0001). 34 After adjustments for age, race, ethnicity, income, education, and additional sociodemographic, reproductive, and behavioral risk factors, the odds of metabolic syndrome increased 13% (95% CI 6-20%) with each additional child. After adjusting for BMI, the relationship was weaker, indicating the importance of increased weight in mediating this risk.
Lactation
Lactation can decrease a woman's risk for the development of the metabolic syndrome. The odds ratio for metabolic syndrome was decreased by 22% (95% CI 1-39%) among women with a history of breastfeeding for more than 1 month compared with women who did not breastfeed or breastfed for less than 1 month. 34 A recent investigation of postpartum women in two large cohorts, the Nurses' Health Study (NHS) and the NHS II, revealed that an increasing duration of lactation was associated with a reduced risk of T2DM. 35 Among women with a birth in the previous 15 years, for each additional year of lactation there was a 15% (95% CI 1-27) decrease in the risk of diabetes among the NHS cohort and a decreased risk of 14% (95% CI 7-21%) among the NHS II cohort. These results remained significant after adjusting for covariates associated with T2DM development, such as family history of diabetes, diet, exercise, and BMI, although BMI slightly attenuated the effect.
Gestational diabetes mellitus
Approximately 7% of all pregnancies are complicated by GDM, defined as glucose intolerance with onset or first recognition during pregnancy. A pregnancy complicated by GDM presents an increased risk for subsequent glucose intolerance and T2DM, 36 as well as the metabolic syndrome. 37 A review of the literature between 1965 and 2001 revealed progression from GDM to postpartum T2DM as high as 70%. 36 Studies have shown an increased prevalence of the metabolic syndrome in women with a history of GDM compared with those without GDM. 37, 38 This increased risk was primarily due to increased abdominal obesity and lower HDL levels. Women with a GDM history were more likely to have elevated C-reactive protein (a marker of inflammation) and triglyceride levels, even after adjusting for BMI, which placed them at greater risk for developing T2DM and CVD. 37 GDM can, furthermore, unmask prepregnancy metabolic syndrome. 39 A study of young, obese, premenopausal women revealed that those with a history of GDM were more likely than those without a GDM history to have the metabolic syndrome (86.6% versus 73.5%; P <0.001), T2DM (93.4% versus 63.3%; P <0.001), and CVD (15.5% versus 12.4%; adjusted odds ratio 1.85 [95% CI 1.21-2.82]; P = 0.005). 40 
Preeclampsia
Preeclampsia complicates approximately 5% of pregnancies in the US. According to the National High Blood Pressure Education Program's working group, preeclampsia is defined as a systolic blood pressure of at least 140 mmHg and/or a diastolic blood pressure of at least 90 mmHg on at least two occasions at least 6 h apart and accompanied by proteinuria after the 20th week of gestation in women known to be normotensive before pregnancy. 41 Increased prepregnancy BMI is an important risk factor for preeclampsia. 42, 43 In a systematic review of 13 cohort studies of approximately 1 million women, O'Brien et al. observed that the risk of preeclampsia doubled for each 5-7-unit increase in prepregnancy BMI. 43 Women with high glucose, insulin, and triglyceride levels are more likely to develop preeclampsia; 44 furthermore, women with a history of preeclampsia have greater insulin resistance 45 and an increased incidence of hypertension 46 when examined several years postpartum. There are also data suggesting an increased CVD risk in women with a history of preeclampsia, 44 but definitive prospective studies are lacking.
Polycystic ovary syndrome
PCOS affects 6-7% of premenopausal women, with estimates varying on the basis of ethnicity and environmental influences. 47 There are currently no universally accepted criteria for the diagnosis of PCOS, but most definitions include the presence of oligo-ovulation, hyperandrogenism, hyperandrogenemia, and the exclusion of other medical disorders that might have similar presentations. [48] [49] [50] PCOS has many characteristics similar to those of the metabolic syndrome. In fact, the prevalence of the metabolic syndrome in PCOS is approximately 43-47%, which is twice as high as the prevalence in the age-matched general population, even after adjusting for BMI. 51 Although there are nonobese women with biochemical and ultrasonographic features of PCOS, obesity is a key component of the pathology associated with PCOS. 52 The components of the metabolic syndrome most commonly present in PCOS are central obesity and low serum HDL levels; however, hypertension, increased fasting glucose levels, and impaired glucose tolerance are also commonly present. 53 PCOS has been associated with an increased prevalence of dyslipidemia, which has been shown to be heritable among the sisters of women with PCOS. 54 Moreover, there is an increased prevalence of metabolic syndrome in sisters of women with PCOS who manifested the PCOS phenotype compared with the unaffected sisters (P <0.001). 54 Additionally, women with PCOS have a higher risk of diabetes than women of similar BMI with regular menses. 55 Finally, there are data supporting an increased risk of BMI-independent hypertension and an increased risk of CVD in women with PCOS compared with women who have regular menstrual cycles, but these findings are controversial. 56 
Hormonal contraceptives
Weight gain is often considered a side effect of combination oral hormonal contraceptives, but causality has not been established. 57 Three prospective, randomized, 58, 59 and placebocontrolled 59 trials did not find evidence supporting a causal association between combination oral contraceptives or a combination skin patch and weight gain. 57 Combined oral contraceptive pills can decrease insulin sensitivity and glucose tolerance, 60 affect lipoprotein levels, 61 and increase blood pressure. 62 The combination of ethinyl estradiol with drospirenone, a mineralocorticoid-receptor blocker, has not, however, been associated with hypertension and might even promote blood pressure lowering. 63 The menopause
Although BMI increases with aging, the menopause does not seem to have a significant role in this increase. 64 The menopause does, however, promote a change in body fat distribution to increase central adiposity and subsequently enhance the likelihood of satisfying the metabolic syndrome criteria. In an ancillary study to the Study of Women's Health Across the Nation (SWAN), regular physical activity was found to reduce the tendency for weight gain and adverse changes in body composition and fat distribution that accompany aging and the menopause. 65 Insulin resistance increases with age and with increased abdominal obesity, but it is unclear if the menopause per se modifies this increase. 66 The menopause has been associated with an increased incidence of hypertension, lower HDL, and higher LDL levels. 26, 67 Although postmenopausal therapy with oral estrogens increases HDL levels, the use of estrogen has not been shown to decrease CVD risk in postmenopausal women when used for primary 68 or secondary 69 prevention.
THeRAPeUTIC OPTIONS FOR THe MeTABOLIC SYNDROMe
The AHA recently published evidence-based guidelines for CVD prevention in women. 70 According to these guidelines, lifestyle interventions should be instituted, including smoking cessation, diet control, and exercise. Interventions targeted at the major risk factors, including hypertension, dyslipidemia, and diabetes mellitus, are also detailed in these guidelines. Data from the NHS revealed that healthy diet and body weight, and regular exercise were associated with a CVD risk reduction of 82%. 71 In brief, lifestyle recommendations to decrease CVD risk include weight reduction and increasing physical activity, restriction of sodium intake, and diet modification. If blood pressure remains ≥140/90 mmHg, then pharmacologic therapy should be initiated. The approach to lipid-lowering and glucose control (HbA 1C <7%) also begins with lifestyle modifications followed by pharmacologic therapy if necessary.
Guideline recommendations of particular importance to women highlight that estrogen replacement therapy should not be used for primary or secondary prevention of CVD. Furthermore, aspirin is not recommended for women aged less than 65 years with a 'low risk' of CVD; by contrast, men in this age group benefit from aspirin.
Dietary recommendations for the prevention and treatment of the metabolic syndrome include low intake of saturated and transunsaturated fat; balanced carbohydrate intake prioritizing high dietary fiber, fruit, and vegetable sources; and eating low-fat dairy foods. 72 Physical activity recommendations are available for the metabolic syndrome, including preexercise evaluation and how to optimally prescribe and monitor exercise regimens for patients with the metabolic syndrome that incorporate types and volume of exercise as well as aerobic and resistance activities. 73 Additionally, recommendations for diet, exercise, and weight loss of initially 7-10% of baseline weight are provided by the AHA. 5 Whereas most of the data on the benefit of CVD risk factor reduction were originally demonstrated in men, studies have now been performed in women. Lowering of blood pressure effectively reduces risk of CVD in women. 74 The pharmacologic treatment of hyperlipidemia in women is beneficial for both primary 75 and secondary 76 prevention of heart disease. The Diabetes Prevention Program demonstrated that a reduction of approximately 5-7% of body weight, achieved though diet and exercise, was associated with a 58% reduction in the onset of T2DM in both women and men. 77 Women with PCOS or with a history of GDM or preeclampsia might also require interventions targeting the metabolic syndrome. Additionally, particular vigilance needs to be paid to women of childbearing age in the prescription of medications to treat the metabolic syndrome components. The use of angiotensin-converting-enzyme inhibitors during pregnancy has been associated with an increased risk of birth defects 78 and neonatal BENTLEY-LEWIS ET AL. OCTOBER 2007 vOL 3 NO 10 www.nature.com/clinicalpractice/endmet renal failure. 79 The use of angiotensin-2-receptor blockers during pregnancy has also been associated with neonatal renal failure. 80 Additionally, the use of statin therapy has been contraindicated for use in pregnancy and even during child-bearing years because of concerns for fetal safety. 81 A recent analysis of women who used statin therapy in the first trimester and continued through pregnancy did not, however, find evidence of congenital anomalies or increased risk to live-born infants. 82 Notably, data from non-live births in this analysis limited the ability to formulate definitive conclusions regarding safety. 82 
CONCLUSIONS
Cardiovascular disease is a significant cause of morbidity and mortality in women. Metabolic risk factors, such as those clustered in the metabolic syndrome, have been identified and are targeted in efforts to reduce the risk of developing CVD. Moreover, several of these risk factors have different prevalence rates in women compared with men and can be influenced by circumstances specific to women, such as pregnancy, oral contraceptive therapy, and the menopause. Consequently, clinicians face the challenge of being able to not only recognize but also intervene appropriately in these different settings to reduce CVD risk among women. Although lifestyle interventions should benefit all, clinicians need to be aware of pharmacologic treatment concerns for women of childbearing age. 
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